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Supplementary Figure S2 . Catalytic activity (turnover numbers, based on GC conversion) of selected engineered myoglobin variants in the carbene N-H insertion with benzylamine 1a and different diazo compounds (2, 3a-6a). Reaction conditions: 10 mM amine, 10 mM EDA, 20 μM enzyme, 10 mM Na2S2O4, 50 mM phosphate buffer (pH 8.0). 
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Synthetic Procedures.
General procedure (A) for the synthesis of N-H insertion product standards:
To a flame dried round bottom flask under argon, equipped with a stir bar, was added amine (1 equiv.) and Rh2(OAC)4 (1 mol%) in toluene (2-3 mL). To this solution was added a solution of ethyl diazoacetate (1 equiv.) in toluene (1-2 mL) over 30 minutes at 0 °C . The resulting mixture was heated at 80 °C for another 15-18 hrs. The solvent was removed under vacuum and the crude mixture was purified by flash column chromatography (hexanes/ethyl acetate) to provide the N-H insertion products in good to excellent yields.
General procedure (B) for the synthesis of N-H insertion product standards:
To a flame dried round bottom flask under argon, equipped with a stir bar, was added amine (1 equiv.) and triethylamine (1.1 equiv.) in dry dichloromethane (4-5 mL). To this solution was added a solution of ethyl 2-bromoacetate (1 equiv.) in dry dichloromethane (1-2 mL) over 5 minutes at 0 °C . The resulting mixture was stirred at room temperature for 2 days. The solvent was removed under vacuum and the crude mixture was purified by flash column chromatography (hexanes/ethyl acetate) to provide the N-H insertion products in good to excellent yields.
General procedure (C) for the synthesis of N-H insertion product standards:
To a round bottom flask equipped with a stir bar was added amine (0.5 mmol, 1 equiv.) and potassium carbonate (0.5 mmol, 1 equiv.) in 4 mL acetonitrile. To this solution was added a solution of the corresponding bromoacetate (0.5 mmol, 1 equiv.) in 1 mL acetonitrile dropwise at -15 °C. The resulting mixture was stirred at room temperature for 16 hours. The insoluble residue was filtered off, the solvent was removed under vacuum and the crude mixture was purified by flash column chromatography (hexanes/ethyl acetate) to provide the mono-and difunctionalized N-H insertion products in good to excellent yields.
Isopropyl benzylglycinate (3b):
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Following the general procedure C with benzylamine and isopropyl 2-bromoacetate 19, the title compound 3b was obtained as a colorless oil in 14% yield. Column chromatography 8-50% 
Cyclohexyl benzylglycinate (5b):
Following the general procedure C with benzylamine and cyclohexyl 2-bromoacetate 20, the title compound 5b was obtained as a colorless oil in 9% yield. Column chromatography 5-50% 1397, 128.6, 128.5, 127.3, 73.4, 53.4, 50.5, 31.8, 25.4, 23.9 .
Dicyclohexyl 2,2'-(benzylazanediyl)diacetate (5c):
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Following the general procedure C with benzylamine and cyclohexyl 2-bromoacetate 20, from the same reaction as for 5b, the di-functionalized product 5c was isolated as a colorless oil in 57% yield. Rf (5% EtOAc/hexanes) = 0.32. GC-MS m/z (% relative intensity): 260 (100) 
Benzyl benzylglycinate (6b):
Following the general procedure C with benzylamine and benzyl 2-bromoacetate, the title compound 6b was obtained as a colorless oil in 50% yield. Column chromatography 10-50% EtOAc/hexanes. Rf (10% EtOAc/hexanes) = 0.10. GC-MS m/z (% relative intensity): 120(100), 106(27.0), 164(22.0), 121(9.9), 118(6.0 135.8, 128.8, 128.6, 128.6, 128.5, 128.4, 127.3, 66.7, 53.4, 50. 2.
Ethyl (4-(trifluoromethyl)benzyl)glycinate (7b):
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Following the general procedure B with 4-(trifluoromethyl)benzylamine 7a, the title compound 7b was obtained as a yellow oil in 80% yield. Column chromatography 5-50% EtOAc/hexanes. 
Ethyl (4-chlorobenzyl)glycinate (8b):
Following the general procedure B with 4-chlorobenzylamine 8a, the title compound 8b was obtained as a light yellow oil in 90% yield. Column chromatography 5-50% EtOAc/hexanes. Rf 
Ethyl (4-methoxybenzyl)glycinate (9b):
Following the general procedure B with 4-methoxybenzylamine 9a, the title compound 9b was obtained as a light brown oil in 75% yield. Column chromatography 5-55% EtOAc/hexanes. Rf (50% EtOAc/hexanes) = 0. 
Ethyl (3-methylbenzyl)glycinate (11b):
Following the general procedure B with 3-methylbenzylamine 11a, the title compound 11b was obtained as a pale yellow oil in 85% yield. Column chromatography 5-40% EtOAc/hexanes. Rf 
Ethyl (2-methylbenzyl)glycinate (12b):
Following the general procedure B with 2-methylbenzylamine 12a, the title compound 12b was obtained as a pale yellow oil in 85% yield. Column chromatography 5-40% EtOAc/hexanes. Rf 
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Ethyl (1-phenylethyl)glycinate (13b):
Following the general procedure C with α-methylbenzylamine 13a and ethyl 2-bromoacetate, the title compound 13b was obtained as a colorless oil in 54% yield. Column chromatography 0-20% EtOAc/hexanes Rf (10% EtOAc/hexanes) = 0.14. GC-MS m/z (% relative intensity):
105 (100) Hz, 2H), 1.87 (br, 1H), 1.38 (d, J = 6.4 Hz, 3H), 1.24 (t, J = 7.2 Hz, 3H).
C NMR (CDCl3, 125
MHz): δ 172. 9, 144.9, 128.8, 127.4, 127.0, 60.9, 58.0, 49.2, 24.5, 14.4 .
Ethyl 2-morpholinoacetate (14b):
Following the general procedure A with morpholine 14a, the title compound 14b was obtained 
Ethyl 2-thiomorpholinoacetate (15b):
Following the general procedure B with thiomorpholine 15a, the title compound 
Ethyl (cyclohexylmethyl)glycinate (16b):
Following the standard procedure C with cyclohexylmethanamine 16a, the title compound 16b
was obtained as a colorless oil in 85% yield. Column chromatography 25% EtOAc/hexanes. Rf 8, 60.8, 56.5, 51.4, 38.2, 31.5, 26.8, 26.1, 14.4 .
Diethyl 2,2'-((cyclohexylmethyl)azanediyl)diacetate (16c):
Following the general procedure C with cyclohexylmethanamine 16a and ethyl 2-bromoacetate, from the same reaction as for 16b, the di-functionalized product 16c was isolated as a colorless 7, 61.4, 60.4, 55.7, 36.4, 31.5, 26.9, 26.2, 14.4 .
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Ethyl hexylglycinate (17b):
Following the standard procedure B with hexylamine 17a, the title compound 17b was obtained as a light yellow oil in 78% yield. Column chromatography 50% EtOAc/hexanes. Rf (50% 
Diethyl 2,2'-(hexylazanediyl)diacetate (17c):
Following the general procedure B with hexylamine 17a, from the same reaction as for 17b, the di-functionalized product 17c was isolated as a colorless oil in 67% yield. Column chromatography 50% EtOAc/hexanes. Rf (50% EtOAc/hexanes) = 0.53. GC-MS m/z (% relative 
Synthesis of isopropyl 2-bromoacetate 19.
Following a previously reported procedure, [1] isopropyl alcohol (5.00 mmol, 1 equiv.) and NaHCO3 (1.26g, 15.0 mmol, 3 equiv.) were dissolved in dry acetonitrile (12.5 mL) in a flame dried round bottom flask under argon and cooled to 0 °C. Subsequently, bromoacetyl bromide (1.51 g, 7.50 mmol, 1.5 equiv.) was added dropwise via a syringe over 30 minutes. After that, the reaction was quenched by the addition of ice-cold H2O, extracted with CH2Cl2 (3 x 30 mL), washed with brine (10 mL), dried over Na2SO4, filtered and the solvent removed under reduced pressure. The crude product was used without further purification as a colorless oil in 98% yield.
1 H NMR (CDCl3, 500 MHz): δ 5.06 (sept, J = 6.0 Hz, 1H), 3.79 (s, 2H), 1.27 (d, J = 6.0 Hz, 2H).
Synthesis of cyclohexyl 2-bromoacetate 20.
Following a previously reported procedure, [1] cyclohexyl alcohol (5.00 mmol, 1 equiv.) and NaHCO3 (1.26g, 15.0 mmol, 3 equiv.) were dissolved in dry acetonitrile (12.5 mL) in a flame dried round bottom flask under argon and cooled to 0 °C. Subsequently, bromoacetyl bromide (1.51 g, 7.50 mmol, 1.5 equiv.) was added dropwise via a syringe over 30 minutes. After that, the reaction was quenched by the addition of ice-cold H2O, extracted with CH2Cl2 (3 x 30 mL), washed with brine (10 mL), dried over Na2SO4, filtered and the solvent removed under reduced pressure. The crude product was used without further purification as a colorless oil in 60% yield.
